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(57) ABSTRACT 

This disclosure describes techniques and apparatuses for 
reducing color fringes. In some embodiments, inaccuracies 
from color-insensitive sensors are corrected. Inaccuracies can 
be corrected in part by shortening a first illumination made 
temporally proximate a second illumination. By So doing, a 
center of the image captured for a first illumination is moved 
toward the image captured for a second illumination, which 
reduces a color fringe. 

20 Claims, 8 Drawing Sheets 
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METHOD AND APPARATUS FOR REDUCING 
A COLOR FRINGE 

RELATED APPLICATION 

This disclosure claims priority to U.S. Provisional Patent 
Application No. 61/365.246 filed Jul. 16, 2010, the disclosure 
of which is incorporated by reference herein in its entirety. 

BACKGROUND 

The background description provided herein is for the pur 
pose of generally presenting the context of the disclosure. 
Work of the presently named inventor, to the extent the work 
is described in this background section, as well as aspects of 
the description that may not otherwise qualify as prior art at 
the time offiling, are neither expressly nor impliedly admitted 
as prior art against the present disclosure. 

Contact image sensor (CIS) devices generally include an 
array of sensors and an illuminator. The array of sensors 
typically cannot differentiate between colors. Even so, CIS 
devices can be used to scan media, Such as a sheet of paper 
having text, and determine that colors are present on the 
media. To do so, the illuminator illuminates the media with 
primary colors one at a time. Such as first with red, then with 
green, and then with blue. During each color illumination, the 
CIS sensors detect reflected photons but not their color. 
Because the device's controller knows which color is being 
illuminated for each set of detections, the controller can deter 
mine which colors are on the media. 

CIS devices, however, move relative to the media and often 
can only do so once. When a sheet of paper is fed through a 
copier, for example, the sheet of paper is scanned by a CIS 
device with one, single pass. Because of this, the CIS sensors 
cannot detect all three primary colors at same locations on the 
paper. Instead, the colors are illuminated and sensed in Suc 
cession for each scan line. A scan line is generally '/600" of an 
inch and there are typically three colors used. Thus, for each 
third of/600" of an inch of the media, a different coloris being 
sensed. This can result in inaccurate scans. 

Consider a case where a white sheet of paper having black 
text is being scanned. If the illuminator is illuminating the 
paper with red at the transition between the white and the 
black, and thus on the last bit of white paper before the black 
text starts, the CIS sensors will detect reflected photons, 
which the CIS controller will interpretas red. The illuminator 
then proceeds to illuminate with green, which is absorbed by 
the black text, in response to which the CIS sensors do not 
detect reflected photons. The same is true for the blue that 
follows next, and then the red following thereafter, and so 
forth until the black text ends. Thus, in this example, a red 
colored fringe is sensed at the white-to-black transition. Con 
ventional CIS devices suffer from this and various other inac 
curacies, which can result in a copier printing a page with a 
color fringe that is not present on the original. Not only is this 
inaccurate, it also can Substantially increase costs and copy 
ing times. 

SUMMARY 

This Summary is provided to introduce a selection of con 
cepts in a simplified form that are further described below in 
the Detailed Description. 
A controller embodiment is described, the controller con 

figured to control an illuminator of a contact-image sensor 
(CIS) device having sensors and the illuminator, the illumi 
nator capable of illumination with first, second, and third 
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2 
colors and the controller configured to cause the illuminator 
to illuminate media with the first color for a first period less 
than one third of a scan period in which a scan line is scanned 
by the CIS device, the scan period based on a relative move 
ment between the media and the sensors used to Scan the scan 
line and illuminate the media with the second color tempo 
rally proximate illuminating with the first color, the temporal 
proximity Smaller than one third of the scan period. 
A method embodiment is described, the method including 

blurring a middle image of three images, the three images 
having two outside images and the middle image, the blurring 
of the middle image reducing a color fringe present in a 
composite image having the blurred, middle image aligned 
with the two outside images but increasing a blurring of the 
composite image and sharpening the composite image to 
reduce the blurring of the composite image. 
An apparatus embodiment is described, the apparatus 

including a controller configured to cause an illuminator of a 
contact image sensor (CIS) device having sensors to illumi 
nate media with three primary colors during a scan period in 
which a scan line is scanned by the sensors of the CIS device, 
the illuminating delaying illumination of the first color past a 
start of the scan period and ending illumination of the third 
color before the end of the scan period effective to cause a first 
center of a first image captured during illumination of the first 
color and a third center of a third image captured during 
illumination of the third color to be closer to a second center 
of a second image captured during illumination of the second 
color than one-third of the scan period. The apparatus also 
includes a pre-processor configured to align the first image 
and the third image with the second image, the aligning the 
first image and the third image blurring the first image and the 
third image, and blur the second image effective to reduce a 
color fringe present in a composite image having the blurred, 
second image aligned with the first and third images but 
blurring the composite image. Further, the apparatus includes 
a post-processor configured to sharpen the composite image 
to reduce the blurring of the composite image. 

BRIEF DESCRIPTION OF THE DRAWINGS 

The detailed description is described with reference to the 
accompanying figures. In the figures, the left-most digit of a 
reference number identifies the figure in which the reference 
number first appears. The use of the same reference numbers 
in different instances in the description and the figures indi 
cate similar or identical items. 

FIG. 1 illustrates an operating environment having a con 
tact image sensing device and a fringe-reducing controller in 
accordance with one or more embodiments. 

FIG. 2 illustrates an embodiment of the fringe-reducing 
controller of FIG. 1. 

FIG. 3 illustrates the illuminator of FIG. 1 illuminating 
media with four separate illuminations. 

FIG. 4 illustrates centers of three of the illuminations of 
FIG. 3. 

FIG. 5 illustrates an example method for illuminating 
media effective to reduce a color fringe. 

FIG. 6 illustrates centers of illuminations corresponding to 
an embodiment of the method of FIG. 5. 

FIG. 7 illustrates an example method for pre-processing 
received images to reduce a color fringe. 

FIG. 8 illustrates a System-on-Chip (SoC) environment for 
implementing embodiments of the techniques described 
herein. 

DETAILED DESCRIPTION 

Conventional techniques and apparatuses for scanning 
media with color-insensitive sensors often result in color 
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fringes and other inaccuracies. This disclosure describes 
techniques and apparatuses for reducing some of these inac 
curacies when using color-insensitive sensors, such as some 
contact image sensing devices. 
The following discussion describes an operating environ 

ment, techniques that may be employed in the operating envi 
ronment, and a System-on-Chip (SoC) in which 
component(s) of the operating environment can be embodied. 
In the discussion below, reference is made to the operating 
environment by way of example only. 

Operating Environment 
FIG. 1 illustrates an operating environment 100 having a 

contact image sensor (CIS) device 102, a fringe-reducing 
controller 104, and paper or other media 106. CIS device 102 
includes an array of sensors 108 and an illuminator 110, both 
of which move relative to media 106. Here media 106 is 
mechanically advanced at an approximately constant speed 
under sensors 108 and illuminator 110, though CIS device 
102 may instead be moved and media 106 remain fixed. The 
approximately constant speed at which media 106 is 
advanced may have some variation or Velocity ripple. 

CIS device 102 includes sensors 108 and illuminator 110, 
and is controlled at least in part by fringe-reducing controller 
104. Sensors 108 are incapable of differentiating colors with 
Sufficient reliability and accuracy for Scanning colors poten 
tially present on media 106. Illuminator 110 is capable of 
illuminating media 106 with various colors, such as primary 
colors red, green oryellow, and blue, though other colors may 
also or instead be used. Sensors 108 sense reflected photons 
illuminated on media 106 by illuminator 110. Controller 104 
can determine colors present on media 106 based on the color 
illuminated during the time at which sensors 108 sense the 
reflected photons. 

FIG. 1 also illustrates scan lines 112 in various views, view 
112-1 showing scan lines in a top-down view on media 106, 
view 112-2 showing scan lines at a cross-sectional view, and 
view 112-3 showing nine scan lines in cross section and 
expanded for detail. For each scan line, illuminator 110 illu 
minates media 106 with three colors one-at-a-time as media 
106 moves relative to sensors 108. The size of each scan line 
is related to a scan period, which is an amount of time that 
sensors 108 pass over each scan line of media 106. As will be 
discussed in greater detail below, controller 104 may cause 
illuminator 110 to illuminate the media of each scan line for 
less than the scan period. 

FIG. 2 is an illustration of a computing device 202 having 
an example embodiment of fringe-reducing controller 104. 
Device 202 includes one or more processors 204 and com 
puter-readable storage memory (“memory) 206. Memory 
206 includes fringe-reducing controller 104, which includes 
or has access to one or more of an illumination controller 208, 
a pre-processor 210, and a post-processor 212. As noted, 
fringe-reducing controller 104 can control, and/or process 
data from, CIS device 102 effective to reduce color fringes. In 
this example embodiment, controller 104 acts through illu 
mination controller 208 to control illuminator 110 and/or 
pre-processor 210 to receive and process data from sensors 
108 to reduce color fringes or alters the data to better enable 
post-processor 212 to reduce color fringes. Generally, post 
processor 212 performs other processing on data received 
from pre-processor 210. Such as to sharpen images. 
By way of example, illumination controller 208 can be 

configured to cause illuminator 110 to illuminate media 106 
with three primary colors during a scan period in which a scan 
line moves relative to sensors 108 of CIS device 102 but delay 
illumination of the first color pasta start of the scan period and 
end illumination of the third color before the end of the scan 
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4 
period. This is but one way in which controller 104 can move 
centers of images being sensed closer together, which effec 
tively reduces color fringes. 
By way of another example, pre-processor 210 can be 

configured to align images received from sensors 108, Such as 
aligning an outer red image and an outer blue image with a 
middle green image. This aligning is useful to reduce an 
amount of color of a color fringe, but can blura composite of 
the three images, which is not generally desired. Pre-proces 
sor 210, however, can blur the middle image, which counter 
intuitively can increase the quality of the composite image 
after post-processing by post-processor 212. 
Ways in which entities of FIGS. 1 and 2 act and interact are 

set forth in greater detail below. The entities illustrated can be 
separate or integrated to the extent permitted by the tech 
niques described herein, such as illumination controller 208, 
pre-processor 210, and post-processor 212 being integral or 
separate from each other and controller 104. These entities 
are shown as computer-executable instructions executable by 
processor(s) 204, but may instead be hardware or firmware, or 
a combination of hardware, firmware, and/or Software. 
Example Techniques for Reducing a Color Fringe 
The following discussion describes example techniques 

for reducing a color fringe. These techniques can be imple 
mented utilizing the previously described environment. Such 
as controller 104 of FIG.1. These techniques include methods 
illustrated in FIGS.5 and 7, each of which is shown as a set of 
operations performed by one or more entities. These methods 
are not necessarily limited to the orders shown for performing 
the operations. 

Before describing FIG. 5, consider FIGS. 3 and 4 as illus 
trative of illuminations made that are about one-third of a scan 
period. FIG. 3 illustrates illuminator 110 illuminating media 
106 with four separate illuminations 302,304,306, and 308. 
The first three illuminations are made over scan line number 
“3’ offive scan lines 112 of FIG.1. Note that illuminator 110 
moves from left to right at a constant velocity in which the 
scan lines are scanned. While shown with only five scan lines, 
each Scanline is often very Small, such as "/600 of an inch wide. 
Illuminator 110 performs three separate illuminations 302, 
304, and 306 and sensors 108 perform three accompanying 
reads for each scan line. 

In this case the CIS device 102 (shown with just illuminator 
110) will move /3 of a scan line (/1,800 inch) during illumi 
nation 302. Likewise, for illumination 304, CIS device 102 
will move another '/3 of a scan line. Finally, for illumination 
306, CIS device 102 will move a final /3 of a scanline. During 
these three sequential color illuminations and reads, CIS 
device 102 moves one full Scanline. The process begins again 
with illumination 308 to illuminate and read scan line “4”. 
As illustrated in FIG. 4, three of these illuminations 302, 

304, and 306 result in centers of the captured images that are 
about/3 of a Scanline apart. For this reason, color fringes can 
be as much as about /3 of a scan line in width. 

FIG. 5 depicts a method 500 for illuminating media effec 
tive to reduce a color fringe. At 502, media is illuminated with 
a first color for a first period, the first period less than one 
third of a scan period in which a scan line is scanned, the scan 
period based on a relative movement between the media and 
sensors scanning the scan line. 

This first illumination is shortened and made temporally 
proximate a second illumination, which is effective to move a 
center of the image captured for a first illumination toward the 
image captured for a second illumination. This is illustrated in 
FIG. 6. Contrasted with FIG. 4, in FIG. 6 color fringes are 
reduced, in this case by about 25 percent by beginning a first 
illumination at 0.167 of line N instead of about 0.0 of line N 
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and ending a third illumination at about 0.833 of line N 
instead of about 1.0 of line N. In another case, color fringes 
may be reduced by about 19 percent by beginning a first 
illumination at 0.125 of line N instead of about 0.0 of line N 
and ending a third illumination at about 0.875 of line N 
instead of about 1.0 of line N. 
At 504, media is illuminated with a second color tempo 

rally proximate illumination with the first color, the temporal 
proximity smaller than one-third of the scan period. This is 
illustrated in FIG. 6 as well, which shows that the start of the 
green illumination is made physically near to the first illumi 
nation of 502 due to the temporally proximity. In some cases, 
adjusting the temporal proximity of the illumination with the 
second color with that of the illumination with the first color 
is effective to cause the spacing of centers of captured images 
to be less than /3 of a scan line apart. 

At 506, media is illuminated with a third color temporally 
proximate illuminating with the second color, the temporal 
proximity Smaller than one-third of the scan period and for a 
third period, the third period less than one third of the scan 
period. Again, an example of method 500 is illustrated in FIG. 
6, which shows the center of the blue image moved toward the 
center of the green image. In some cases, adjusting the tem 
poral proximity of the illumination with the third color with 
that of the illumination with the second color is effective to 
cause the spacing of centers of captured images to be less than 
/3 of a scan line apart. 
Note that the second illumination is illustrated in FIG. 6 

having an illumination of less than about /3 of a scan period, 
though this may be larger or Smaller than /3 of the scan period. 
In the context of the present example, the illumination is 
about 4 of the scan period. In cases of higher levels of 
illumination, the spacing is as low as "/6 of a scan period which 
may reduce fringe by about 50 percent. 
As noted above, method 500 can be performed by control 

ler 104, including through illumination controller 208 caus 
ing illuminator 110 to perform actions at 502, 504, and/or 
506. By so doing, color fringes can be reduced. In some cases 
a color fringe caused by a white-to-black color transition in a 
scan line can be reduced by about 25 or more percent. 
Methods 500 and 700 can be performed alone or in con 

junction with other methods and techniques set forth herein, 
including with each other. For example, method 500 is effec 
tive to reduce a color fringe without combination with method 
700 and likewise method 700 is effective to reduce a color 
fringe without combination with method 500. If combined, 
however, additional reduction in a color fringe can result over 
performance of just one method or the other. In one example 
described below, captured images corresponding to the illu 
mination and reads of method 500 are received and pre 
processed by method 700. 

FIG. 7 depicts a method 700 for pre-processing received 
images effective to reduce a color fringe. As noted in part 
above, for each illumination, a read of the media can be 
performed. Each read captures an image, and thus each image 
corresponds to the illumination, including the period and 
timing of the illumination. Thus, whether as a product of 
captured images corresponding to FIG. 4, or instead to 
method 500 and FIG. 6, captured images correspond to illu 
minations and reads and can be pre-processed to reduce a 
color fringe. 

At 702, images captured by a color-insensitive device are 
received. These images may include various colors described 
above, though this method is described in the context of three 
images corresponding to three primary colors. Further, these 
three images have two outside images and one middle image, 
Such as outside images of red and blue and a middle image of 
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6 
green shown in FIGS. 4 and 6. These colors and arrangements 
are not required but are used as examples only. 
The received images are misaligned. This can be caused by 

a relative speed of movement between media being scanned 
and a scanner of the media, the images corresponding to 
different regions of a scan line caused by the movement. 
Thus, a first of the two outside images is offset from the 
middle image by one line-color spacing and a second of the 
two outside images offset from the middle image by another 
line-color spacing. These line-color spacings are shown in 
FIGS. 4 and 6 as about/3 or less than about/3 of a scan line, 
respectively. 
By way of example, assume that pre-processor 210 

receives a red, green, and blue image captured by CIS device 
102 being controlled by fringe-reducing controller 104 and 
having line-color spacings of about 4 of a scan line. Further, 
assume that the images are received as three incoming pixels 
for each column of a scan line having a row of pixels three 
pixels wide (red, green, blue) and having many thousands of 
pixels deep. Although shown in the following pixel sequences 
of red, green, and blue, the order of arrival is arbitrary and 
may be configured differently as depending on an imaging 
system in which the method(s) are implemented. Also assume 
that pixels from immediately preceding scan lines (rows) are 
retained. Thus, for a first red pixel of a first scan line being R1, 
a first green pixel from the first scan line being G1, and etc. to 
a third blue pixel received for a third can line being B3. 
These pixels are received: 

R1, G1, B1 from row 1 
R2, G2, B2 from row 2 
R3, G3, B3 from row 3 
At 704, outer images of the received images are aligned 

with a middle image to provide a composite image having a 
color fringe. In the current example, the red and blue images 
are shifted 4 of a scan line to provide a composite image of 
all three images. Aligning images will reduce the color fringe 
but often creates a blur of the outer images (because both were 
shifted). This is often considered a negative effect of align 
ment. Continuing the detailed example, a new center pixel is 
calculated with shifted color values below: 

At 706, a middle image of the composite image is blurred. 
As noted, the three images include two outside images and the 
middle image, but the outside images are blurred as an effect 
of aligning at 704. Continuing the ongoing embodiment, pre 
processor 210 blurs the green image, in Some cases by about 
a same amount of blurring as is present in the red and blue 
images caused by the aligning. 
In this case, the green image is blurred: 

While blurring the middle image does further blur the 
fringes of the composite image, it reduces the amount of color 
present in the fringe. This blurring can be corrected by post 
processing resulting in a sharper image after post processing 
even though the composite image is more blurred because the 
reduction in color at the color fringe has a greater positive 
effect than the blurring. 
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At 708, the blurred composite image is provided to post 
processing. In the present example the blurred composite 
image is provided internal to fringe-reducing controller 104 
from pre-processor 210 to post-processor 212. In some case, 
however, a post-processing entity is separate from controller 
104 and/or pre-processor 210. 
At 710, the blurred composite image is sharpened to reduce 

the blurring of the composite image. Here post-processor 212 
performs sharpening and other post-processing effective to 
sharpen and make the image ready for further use (e.g., copy 
ing onto other media). 

Detailed Example for Image Pipeline of 20 Rows by 5120 
Columns 
By way of further example, consider method 700 in the 

context of images processed in columns for horizontal images 
having strip sizes of 20 rows and 5120 columns. In such a 
case, two additional rows are also included in processing, and 
thus: 

P1: R1, G1, B1 
P2: R2, G2, B2 
P3: R3, G3, B3 

P21: R21, G21, B21 
P22: R22, G22, B22 
The first pixel for each column is: 

B1'=(3/4)Blue(P2)+(1/4)Blue(P1) 

The last pixel for each column is: 

By bringing in the pixel data with one color shifted by a 
single pixel, only one additional line is read in: 

20: R21, G20, B20 
21': R22, G21, B21 
Then the resulting first pixel for each column is: 

B1'=(3/4)Blue(P2)+(1/4)Blue(P1) 

And the last pixel in each column is: 

Note that this is but one way in which to perform method 
700 of FIG. 7. Processing images in other manners, including 
by whole rows rather than columns or by images received in 
formats other than pixels, are contemplated by the techniques 
described herein. 

System-on-Chip 
FIG. 8 illustrates a System-on-Chip (SoC) 800, which can 

implement various embodiments described above. An SoC 
can be implemented in a fixed or mobile device of various 
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8 
types. SoC 800 can be integrated with electronic circuitry, a 
microprocessor, memory, input-output (I/O) logic control, 
communication interfaces and components, other hardware, 
firmware, and/or software needed to run an entire device (e.g., 
CIS device 102). SoC 800 can also include an integrated data 
bus (not shown) that couples the various components of the 
SoC for data communication between the components. A 
device that includes SoC 800 can also be implemented with 
many combinations of differing components. 

In this example, SoC 800 includes various components 
Such as an input-output (I/O) logic control 802 (e.g., to 
include electronic circuitry) and a microprocessor 804 (e.g., 
any of a microcontroller or digital signal processor). SoC 800 
also includes a memory 806, which can be any type of random 
access memory (RAM), a low-latency nonvolatile memory 
(e.g., flash memory), read only memory (ROM), and/or other 
suitable electronic data storage. SoC 800 can also include 
various firmware and/or software. Such as an operating sys 
tem 808, which can be computer-executable instructions 
maintained by memory 806 and executed by microprocessor 
804. SoC 800 can also include other various communication 
interfaces and components, wireless LAN (WLAN) or PAN 
(WPAN) components, other hardware, firmware, and/or soft 
Wa. 

SoC 800 includes fringe-reducing controller 104, which 
may include various components of FIG. 2 as well. Fringe 
reducing controller 104 in SoC 800, either independently or 
in combination with other entities, can be implemented as 
computer-executable instructions maintained by memory 
806 and executed by microprocessor 804 to implement vari 
ous embodiments and/or features described herein, such as 
reducing color fringes. Fringe-reducing controller 104 may 
also be provided integral with other entities of the SoC. Alter 
natively or additionally, fringe-reducing controller 104 and 
the other components can be implemented as hardware, firm 
ware, fixed logic circuitry, or any combination thereof that is 
implemented in connection with the I/O logic control 802 
and/or other signal processing and control circuits of SoC 
8OO. 

Although the subject matter has been described in lan 
guage specific to structural features and/or methodological 
operations, the Subject matter defined in the appended claims 
is not necessarily limited to the specific features or operations 
described above, including orders in which the operations are 
performed. 

What is claimed is: 
1. A controller configured to control an illuminator of a 

contact-image sensor (CIS) device having sensors and the 
illuminator, wherein the illuminator is capable of illumina 
tion with each of a first color, a second color, and a third color, 
wherein the sensors are capable of capturing images, and 
wherein the controller is configured to: 

cause the illuminator to: 
illuminate media with the first color for a first periodless 

than one third of a scan period in which a scan line is 
scanned by the CIS device, the scan period being 
based on a relative movement between the media and 
the sensors used to scan the scan line; and 

illuminate the media with the second color temporally 
proximate to illuminating the media with the first 
color, the temporal proximity of the illuminating with 
the first color and the illuminating with the second 
color being Smaller than one third of the scan period, 
the illumination effective to enable the sensors to 
capture images of the media. 
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2. The controller of claim 1, further configured to cause the 
illuminator to illuminate the media with the third color: 

for a third period less than one third of the scan period; and 
temporally proximate illuminating the media with the sec 

ond color, the temporal proximity of the illuminating 
with the second color and the illuminating with the third 
color being smaller than one third of the scan period. 

3. The controller of claim 2, further configured to cause the 
illuminator to illuminate the media with the second color for 
a second period equal to about one-third of the scan period. 

4. The controller of claim 2, wherein: 
the first period and the third period correspond to captured 

outside images of the captured images captured by the 
sensors and the second period corresponds to a captured 
middle image of the captured images captured by the 
sensors; and 

the method further comprises 
aligning the outside images with the middle image to 

provide a composite image having a color fringe, 
blurring the middle image of the composite image effec 

tive to reduce the color fringe present in the composite 
image, and 

sharpening the composite image to reduce blurring of 
the composite image. 

5. The controller of claim 1, wherein the first color is red, 
the second color is green, and the third color is blue. 

6. The controller of claim 1, wherein the controller is 
effective to reduce a first color fringe caused by a white-to 
black color transition in the scan line by 25 or more percent 
over illuminating with the first, second, and third colors each 
for one-third of the scan period. 

7. One or more computer-readable storage memory having 
instructions stored thereon that, responsive to execution by 
one or more processors, perform operations comprising: 

receiving three images, the three images captured of 
Scanned media, a composite image of the three images 
having a color fringe; 

blurring a middle image of the three images, the three 
images having two outside images and the middle 
image, the blurring of the middle image reducing the 
color fringe present in the composite image having the 
blurred, middle image aligned with the two outside 
images but increasing a blurring of the composite image: 
and 

sharpening the composite image to reduce the blurring of 
the composite image. 

8. The memory of claim 7, wherein the three images cor 
respond to misaligned regions of a scan line, the misalign 
ment caused by a relative speed of movement between the 
Scanned media when the scanned media is being scanned and 
sensors scanning the scanned media. 

9. The memory of claim 7, further comprising aligning the 
two outside images with the middle image to create the com 
posite image. 

10. The memory of claim 9, wherein aligning the two 
outside images blurs the outside images and blurring the 
middle image blurs the middle image an amount about equal 
to the blurring of the outside images caused by aligning the 
two outside images. 

11. The memory of claim 7, wherein a first of the two 
outside images is offset from the middle image by a first 
line-color spacing and a second of the two outside images is 
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offset from the middle image by a second line-color spacing, 
and wherein aligning the two outside images shifts the first 
outside image by the first line-color spacing and shifts the 
Second outside image by the second line-color spacing. 

12. The memory of claim 11, wherein the first line-color 
spacing or the second line-color spacing is less than one-third 
of a scan line, the scan line corresponding to a relative speed 
of movement between the scanned media being scanned and 
sensors scanning the scanned media. 

13. The memory of claim 7, wherein the first line-color 
spacing and the second line-color spacing is equal to or less 
than one-quarter of the scan line. 

14. The memory of claim 7, wherein the three images 
correspond to periods of a scan period in which a scan line is 
Scanned by a contact image sensor (CIS) device, the scan 
period based on a relative movement between the scanned 
media and the sensors of the CIS device used to scan the scan 
line. 

15. An apparatus comprising: 
a controller configured to cause an illuminator of a contact 

image sensor (CIS) device having sensors to illuminate 
media with three primary colors during a scan period in 
which a scan line is scanned by the sensors of the CIS 
device, wherein the illuminating: 

delays illumination of the first color past a start of the scan 
period, and 

ends illumination of the third color before the end of the 
scan period effective to cause a first center of a first 
image captured during illumination of the first color and 
a third center of a third image captured during illumina 
tion of the third color to be closer to a second center of a 
Second image captured during illumination of the sec 
ond color than one-third of the scan period; 

a pre-processor configured to: 
align the first image and the third image with the second 

image, the aligning the first image and the third image 
blurring the first image and the third image; and 

blur the second image effective to reduce a color fringe 
present in a composite image having the blurred, sec 
ond image aligned with the first and third images but 
blurring the composite image; and 

a post-processor configured to sharpen the composite 
image to reduce the blurring of the composite image. 

16. The apparatus of claim 15, wherein the controller is 
configured to cause the first center and the third center to be 
closer than or about one-quarter of the scan period. 

17. The apparatus of claim 15, wherein the apparatus is 
comprised on a single System-on-Chip. 

18. The apparatus of claim 15, wherein the first image, the 
second image, and the third image comprise one or more 
pixels, respectively, and the pre-processor is further config 
ured to align the one or more pixels of the first, the second, or 
the third image. 

19. The apparatus of claim 18, wherein the pre-processor is 
further configured to blur the one or more pixels of the second 
image. 

20. The apparatus of claim 15, wherein the pre-processor is 
further configured to blur the second image by an amount 
about equal to the blurring the first image and the third image 
caused by aligning the first image and the third image with the 
Second image. 


